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The Clutch Comfort Portfolio










Buying a new automobile ranks as one of the 
most expensive single expenditures for pri-
vate households. It therefore goes without 
saying that the emotions and expectations 
associated with such a purchase are quite 
high. These expectations are never fixed and 
rigid, however, but are constantly changing 
and evolving. Just take a look at history. At 
first, consumers were more than satisfied with 
such vehicles as the Messerschmitt Kabinen-
roller, Opel Laubfrosch, and Goggomobil be-
cause they enabled personal mobility. As the 
years went by and this newfounded feeling of 
excitement wore off, different consumer pri-
orities emerged in the form of reliability, power 
and performance, and comfort. Once these 
requirements were met, people became more 
and more interested in safety, low fuel con-
sumption, and equally low emissions while 
also expecting new developments and fea-
tures in other areas.
As technical developments frequently 
have a mutual influence on each other, inno-
vations realized for one component more of-
ten than not necessitate adaptations to other 
systems. The same applies to automotive 
clutch systems, which greatly facilitate driving 
comfort and convenience. Increased torque 
or ignition pressure in the engine, for example, 
leads to more pronounced axial vibrations 
along the crankshaft. To ensure that this in-
herent tendency does not compromise the 
driving experience by inducing strong pedal 
vibrations, high pedal forces, or creating dis-
turbing noise levels, the clutch systems in-
stalled must be adapted accordingly. Figure 1 
shows a graph of the targeted areas, or sweet 
spots, targeted for achieving comfortable 
pedal forces and depicts a selection of differ-
ent clutch designs that can be incorporated to 
approach these areas, depending on the 
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Figure 1 Excerpt from the product portfolio of clutch pressure plates
Schaeffler Technologies GmbH & Co. KG, Solving the Powertrain Puzzle,
DOI 10.1007/978-3-658-06430-3_7, © The Author(s) 2014
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Comfort
A clutch pedal should not only be comfortable 
and convenient to operate, but also fulfill other 
design criteria such as complying with de-
fined levels of vibration and manual shifting 
force when a gear is engaged as well as 
reliably withstanding extreme loads. Another 
requirement that is equally as important is en-
vironmental compatibility. More recent devel-
opments to this end include start-stop systems 
and clutches for hybrid and fully electric pow-
ertrains. Extending beyond the range of tradi-
tional performance applications, Schaeffler 
now also offers innovative designs for clutch 
assemblies used in motorcycles. 
Comfort of actuation
The current drive of automakers to leverage 
the concepts of downsizing, downspeed-
ing, increased boost pressures, and trans-
missions designed to reduce internal friction 
in an effort to minimize CO2 emissions ne-
cessitate a clutch system that is even more 
robust and resistant to axial vibrations ex-
perienced along the crankshaft. In addition 
to realizing the stability required to harmo-
nize the characteristic curve for pedal ap-
plication forces, topics such as pedal vibra-
tion, gear rattle, and judder are becoming 
increasingly important. 
By developing a clutch that utilizes trav-
el-controlled wear adjustment (travel-ad-
justed clutch, or TAC) [1] as an alternative to 
the classic, proven clutch design integrating 
a force-controlled wear adjustment mecha-
nism (self-adjusting clutch, or SAC), it is 
possible to reduce pedal application forces 
despite higher engine torque outputs while 
at the same time catering to changed vehicle 
constraints. 
The TAC also facilitates a more flexible 
selection of plotted performance curve 
characteristics as well as lends itself to a 
high level of operational stability. Adding to 
this is the fact that the robust nature of TAC 
assemblies when it comes to resisting axial-
based vibrations makes it possible to re-
duce the torque transfer capabilities of the 
clutch to enable lower contact pressures 
and, in so doing, lower the release and ped-
al pressures required for identical maximum 
torque ratings.
Due to the pronounced active adjust-
ment characteristics of the TAC, engi-
neers can also enhance performance 
curves in relation to the overall system as 
it interacts with the pedal system or imple-
ment additional componentry to further 
reduce pedal forces by up to 40 percent 
(Figure 2).
As a result of the adjustment system 
used, the tongue height and operating range 
of the clutch remain constant. This, in turn, 
makes the TAC an ideal partner to combine 
with a cover fixed release system, or CFR [2]. 
















Figure 2 Clutch with travel-controlled wear 





to be noticeably im-
proved. To this end, 
the CFR eliminates 
pedal vibration and 
judder, since the 
clutch and clutch re-
lease bearing are no 
longer braced by 
the transmission 
and can instead 
freely oscillate in the 
transmission bell 
housing to prevent 
the axial vibrations 
of the engine and 
integrated clutch 
system from transitioning to clutch modula-
tion. 
The design configuration of the CFR as 
an easily adaptable ancillary component 
even makes it possible to use the TAC in 
conjunction with a conventional release sys-
tem early in the development phase. Should 
it then be determined later on, right before 
the start of production (SOP), that undesir-
able noises will have to be eliminated (as is 
often the case), minor adjustments can be 
made to the TAC to align it with the CFR. 
This introduces a whole new dimension of 
flexibility, which is further enhanced by the 
fact that the CFR is designed in modular 
design. As such, the CFR can also be used 
for different sizes of the TAC assembly 
(Figure 3).
A servo-spring clutch can also be fit-
ted as an alternative option for improving 
comfort levels. This development closes 
the gap between conventional and self-
adjusting systems. Normally, the release 
force of a conventional clutch increases 
as the lining continues to degrade over 
time due to the characteristics of the dia-
phragm spring. This effect is counteract-
ed by the servo spring clutch as a result of 
an additional servo spring that overlays 
the characteristic curve of the diaphragm 
spring in such a way that a less pro-
nounced difference in force is encoun-














Wear without servo spring




Figure 4 Clutch with servo spring  support
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This, in turn, reduces the maximum level of 
release force as compared to a convention-
al system that does not have an additional 
spring and minimizes the maximum pedal 
application force required by up to 20 per-
cent across the entire service life of the as-
sembly (Figure 4). Servo spring clutches are 
particularly well suited to applications in 
which a conventional clutch can no longer 
meet the target comfort requirements that a 
self-adjusting clutch system can more than 
fulfill. 
Comfort of launch
In an effort to improve launch comfort, 
several passenger car powertrains have 
been realized with a judder damper inte-
grated in the clutch disk since 2011. Char-
acteristic for this product is not only the 
correct adjustment to the natural frequen-
cy, but also a friction level between the 
damper mass and the mass to be damped 
that is directly proportionate to the twist 
angle. The result is that the oscillatory en-
ergy that increases as a square of the fluc-
tuations observed in transmission speed is 
optimally dampened [3].
In today’s series production versions, 
compression springs that target tangential 
forces coincide with the torsional rigidity of 
the judder damper. A ramping mechanism 
between the damper mass and a friction 
element generates the friction proportion-
ate with the twist angle, while the force of a 
separate diaphragm spring as it contacts 
the ramps and axial support of the damper 
mass produces the corresponding friction-
al torque.
An alternative setup to this design 
would be to utilize the available tangential 
compression springs to produce this 
torque directly. In one such judder damper 
that has already entered its second gen-
eration, the diaphragm spring is then no 
longer needed. As a result, fewer compo-
nents and less installation space are re-
quired to provide the same level of func-
tionality. In order for this to be possible, 
the ramping mechanism previously ar-
ranged in parallel with the compression 
springs has been redesigned to connect 
them in series. When the damper mass  is 
deflected against the clutch disk – with 
corresponding deflection of the compres-
sion springs acting in the circumferential 
direction – the force associated with it 
produces an axial force by way of a 
wedge-shaped contact whose intensity is 
defined by the wedge angle. This axial 
force generates a frictional torque at the 
contacts of the axial support points that is 
proportionate to the torsional moment 
and either increases or decreases it, 
depending on the direction of motion. 
Figure  5 compares a first and second-
generation judder damper.














Figure 5 First-generation (left) and second-
generation (right) judder damper
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Vibration isolation
Disturbing noises are among the most fre-
quent complaints made with respect to 
new vehicles. It is often difficult to localize 
these noises because they can have many 
culprits. In the case of the powertrain, for 
example, speed irregularities of  the com-
bustion engine can excite torsional vibra-
tions. Resonance frequencies and low en-
gine operating speeds in particular cause 
vibrational output to be perceived as 
bothersome. 
Torsional dampers in clutch disks con-
nected to a rigid flywheel minimize the reso-
nance of vibration amplitudes as a result of 
their friction-damping characteristics but at 
the same time can only isolate the vibrations 
experienced in different speed ranges to a 
limited extent.
A new design approach involves moderniz-
ing the principle of the centrifugal pendulum 
for application on the torsion-damped 
clutch disk (Figure 6). Simulation exercises 
and vehicle trial testing reveal that vibrations 
can be isolated across a wide range of en-
gine speeds when such a setup is used. 
Instead of generating heat by dampening 
friction levels, the centrifugal pendulum 
uses in-phase inertia forces to reduce fluc-
tuating engine speeds more effectively and 
efficiently. 
Further details about this innovation are 
explained in [4].
Shifting comfort
The ease with which gears are shifted is a 
telltale sign of the quality of modern manu-
al transmissions. Achieving this effect fre-
quently poses an inherent conflict to de-
signers, however, who must balance the 
integration of additional components such 
as the centrifugal pendulum and judder 
damper, which improve NVH comfort lev-
els but also increase the mass moment of 
inertia to be synchronized. This increased 
inertia not only leads to higher transmis-
sion synchronizing loads, but also requires 
more effort and time on the part of the 
driver to shift gears. The answer therefore 
lies in systematically optimizing all compo-
nents of the clutch disk with the end goal of 
minimizing the mass moment of inertia as 
far as possible.
Optimization measures at the design 
level serve as the perfect starting point. 
Up to now, the sheet metal parts of 
clutch disks have primarily been designed 
with functional performance aspects in 
mind. As such, areas that make poor use 
of material and thus offer the potential to 
reduce mass can be found with relative 
ease. By leveraging FE analytical tech-
niques, these components can be opti-






















Figure 6 Clutch disk with centrifugal 
pendulum
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spective that areas that do not contribute 
to operative functionality or that are sub-
jected to only minimal loads are removed 
(Figure 7).
Further reducing the mass moment of 
inertia allows a cushion deflection  system 
to be constructed out of single segments of 
thin spring steel. The resulting thinner lining 
structures can then be further optimized 
with respect to the wear reserves or strength 
required in the target application. Design 
measures can also be implemented for the 
centrifugal pendulum or judder damper 
themselves.
The combined effect of these mea-
sures in turn make it possible to maintain 
the mass moment of inertia of a clutch 
disk with centrifugal pendulum or judder 
damper at the level of current clutch 
disks. Without these additional damping 
elements in place, it would even be 
conceivable to undershoot this level 
(Figure 8).
Comfort at high stress
When a vehicle is driven along mountain 
passes, it is much more likely for the clutch 
assembly to overheat, especially under ext-
reme circumstances such as repeated hill 
starts while towing a trailer or due to clutch 
misuse. In some cases, the toll this takes can 
even be smelled! From a technical stand-
point, the thermal deformations that occur 
on the flywheel and the pressure plate at this 
time reduce the effective friction radius and 
induce localized temperature peaks.
It goes without saying that the clutch 
should offer sufficient performance in ex-
treme situations such as those mentioned a 
certain number of times before friction lev-
els drop so far (fading) that the friction lining 
starts to slip and deteriorate. Better thermal 
resistance can be achieved with systems 
that maintain the target friction radius and 
friction coefficient constant for as long as 
possible under a wide variety of operating 
conditions. This is why cushion deflections 






























Figure 8 Potential for reducing the mass of 
clutch disks
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The increasing sensitivity of vehicles when it 
comes to dealing with fluctuations in torque 
resulting from the slipping clutch (judder ef-
fect) necessitates a cushion deflection char-
acteristic  that has a small initial  gradient. For 
this purpose, spring elements made from thin 
steel are typically used. Already when sub-
jected to forces below the maximum clamp-
load the elements are pressed completely flat 
and show a high level of progressivity in this 
range with almost zero spring travel. The 
problem with this design is that these ele-
ments are relatively incapable of counteract-
ing thermal deformation of the flywheel and 
pressure plate. Pressure distribution mea-
surements taken under high-load conditions 
with a deformed pressure plate confirm this.
Developing specific wave forms for the 
thin cushion spring elements resolves the 
conflict of realizing the small initial gradient 
required while providing for high compensa-
tory capacity. The wave forms  are designed 
in such a way that when a defined spring 
travel position is reached, additional waves 
that summon much more energy are activat-
ed, for a combined effect. This, in turn, leads 
to a performance curve with substantially less 
progressivity and a higher compensatory ca-
pacity as maximum clamp-load is reached. 
Pressure distribution measurements taken 
under a load in the presence of a deformed 
pressure plate attest to this improved design 
response, since the friction radius is held 
largely consistent. The results of hill-start tests 
conducted in real-world conditions under-
score the potential of this concept.
Without requiring any additional space or 
increasing the mass moment of inertia, the 
high-capacity cushion deflection elements en-
hance the thermal durability and power trans-
fer capabilities of the clutch (Figure 9).
To improve load capabilities and launch 
comfort in the aforementioned situations, 
Schaeffler is also currently developing new 
organically-bound friction materials for 
strip-wound linings. The target objective for 
these constant-µ linings is not so much to 
achieve as high a friction coefficient as pos-
sible, but to realize one that is largely con-
sistent (Figure 10). 
The thinking behind this strategy is that by 
minimizing changes in the friction coefficient of 
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Figure 10 Constant-µ lining
1217Clutch Systems
ditions and parameters while sustaining an un-
wavering average performance value, a higher 
minimum friction coefficient can be attained. 
This not only improves power transfer reliability, 
but also facilitates lower clamp-loads, which in 
turn lead to lower release forces for a given 
clutch with specific rated dimensions and iden-
tical power transfer capabilities. An alternative 
approach is to fit a smaller clutch assembly, 
whose reduced maximum friction coefficient 
limits the amount of torque that can be trans-
ferred and, in so doing, softens peak loads in 
the powertrain under dynamic load conditions. 
Automated clutch systems also profit from the 
design, as a constant friction coefficient makes 
it easier to actively regulate the build-up of 
torque along the engagement and release trav-
el respectively. 
Environmental compatibility
Automakers are presently looking for any 
and all ways to reduce the CO2 emissions of 
the models they produce. An optimized 
clutch can help in this regard, since reduc-
ing the mass and mass moment of inertia of 
the assembly further improves the efficiency 
of the overall vehicle.
To this end, applications could be con-
ceived that involve reducing the mass of the 
pressure plate. The limiting factor here is the 
cast materials that are currently in use, how-
ever. In order to safeguard compliance with 
defined criteria such as burst strength, 
thermal durability, and feasibility from a 
manufacturing perspective, the mass of the 
pressure plate frequently cannot be re-
duced to the theoretical minimum. 
Addressing the issue can take the form of 
higher-grade cast materials to allow these 
performance limitations to be marginally shift-
ed. Manufacturing pressure plates from rolled 
steel offers greater potential, however, since a 
steel plate design gives rise to new design 
configurations that leverage closer tolerances, 
thinner cross sections, and increased durabil-
ity to make better use of available installation 
space while reducing mass and the mass 
moment of inertia (Figure 11). 
Comfort at engine startup
With the advent of an ever larger number of 
new vehicles equipped with start-stop sys-
tems comes the requirement to find solu-
tions that allow the engine to restart with little 
to no delay. In response to this development, 
the last Schaeffler Symposium was used as 
a venue to present a new sprag clutch de-
sign for a permanently engaged starter as-
sembly, or PES [5]. The benefit of this con-
cept is that the starter drive pinion no longer 
has to be engaged. As a result, combustion 
engines can be started and stopped faster, 
quieter, and with less wear from a standstill 
as well as when coasting to a stop. The con-
cept-bound lifting motion of the sprags after 
With pressure plate in cast iron
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Figure 11 Pressure plate made from rolled sheet 
steel in comparison to a cast variant
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startup, which is controlled using centrifugal 
force, is completely void of friction through-
out the entire operating range, thus allowing 
the potential of a start-stop system to reduce 
CO2 exhaust emissions to be maximized.
Since the Symposium, the design effect has 
been investigated using vehicle demonstrators 
and the system further enhanced. By improv-
ing the operating direction of the spring used to 
generate the lift movement, it was possible to 
reduce the contact force present throughout 
the sliding process during freewheel overrun. 
The usable wear volume of the sprags was 
also increased and the wear properties of the 
friction partners optimized. The combined ef-
fect of these measures is good for around one 
million starts, a performance benchmark that 
was verified on an actual combustion engine 
(2.0-liter diesel). The positive impact of the con-
cept on the wear exhibited by the starter ring 
gear was confirmed as well. If manufacturers 
experience a heightened need for this configu-
ration, the PES  could be used not only in the 
start-stop systems of combustion engines, but 
also in the repeat-start systems designed for 
hybrid applications (Figure 12).
Electrification
As the powertrains in modern automobiles 
become increasingly electrified, Schaeffler is 
currently in the process of developing an 
electrically operated clutch. One of the de-
sign objectives of this project is to keep the 
actuation energy as low as possible. The un-
derlying operation of the electrical integrated 
actuator clutch (eIAC) is based on the boost-
er principle [1] and encompasses a pre-con-
trol and a main clutch unit (Figure 13).
Booster clutches generate contact pres-
sure by producing a minimal pre-control 
torque that is converted into an axial force by 
a ball ramp system. With this design, the pre-
control element can be realized by a small 
conventional clutch or an electrically operat-
ed variant. Options here include a magnetic 
or solenoid clutch and an eddy current 
brake. The energy required to close the 
clutch assembly can be taken from the 
powertrain itself.
Future applications for the eIAC involve 
hybridized platforms whereby the clutch, which 














Figure 12 Freewheel for permanently meshed starter assembly (PMSA)
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called on to mechanically link the combustion 
engine with the powertrain as required.
When the vehicle is operated in electric 
mode only, the eIAC is actuated to disen-
gage the engine from the rest of the pow-
ertrain as efficiently as possible. To this end, 
the system is designed with a “normally 
open” configuration.
As the combustion engine is started via 
the electric motor, the eIAC can be actively 
closed very quickly using an eddy current 
brake. Since this brake is wear-free by de-
sign, the torque transferred can be regulat-
ed with exacting precision across the entire 
service life of the clutch.
To facilitate a smooth transfer of torque 
to the powertrain while the engine is run-
ning, a freewheel is used as a pre-control 
element. Part of the torque generated by 
the engine is siphoned off over the one-way 
clutch to close the clutch.
One of the benefits of the electrical inte-
grated actuator clutch is the accurate control of 
overrun torque with minimum response time as 
afforded by the eddy current brake. This per-
formance can be maintained throughout the 
entire service life of the unit, since the brake is a 
wear-free assembly. In addition, no energy is 
required to actuate the clutch when the vehicle 
is driven in electric mode or together with the 
combustion engine, thereby realizing the op-
erative conditions of a “normally stay” clutch.
When suitable pre-control elements are 
chosen, the eIAC can also be used in other 
applications to:
 – Activate an alternative drive system
 – Couple an additional driven axle
 – Distribute drive force, or driving power 
(torque vectoring)
 – Connect/disconnect other assemblies
Motorcycle clutches
Almost four million motorcycles are regis-
tered in Germany alone, with low six-digit 
registration numbers of new models each 
year testifying to the ongoing attraction of 
this form of personal transportation. This 
also applies to many other regional markets, 
although there are pronounced differences 
in what people expect of such machines. 
In Germany, for example, customers 
want a motorcycle that provides a level of 
comfort similar to that of a passenger car. 
Trends in technology are also very apparent 
in motorcycle applications as is the case 
with automobiles. Continually increased 
power densities, the never-ending pursuit to 
minimize mass, and efforts to reduce the 
somewhat excessively high actuation forces 
of certain clutch assemblies are just a few 
examples of improvements being sought 
out in this field. The situation in the south-
east Asian markets could not be more dif-
ferent. There, a motorcycle is simply viewed 
as another form of transportation that 
should offer high everyday practicality more 
than anything else. In this context, the de-
velopment activities that surround motorcy-
cle clutches are almost as multifaceted as 
those observed in passenger car applica-
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Figure 13 Drive clutch with electrical actuation
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vised, however, it is possible to transition to 
an entirely new level of technology. 
For example, the actuation forces re-
quired to operate a motorcycle clutch can 
be significantly reduced by applying the de-
sign principles of the electrically actuated 
drive clutch to a multi-disk clutch assembly. 
By realizing a modular construction in the 
sense of an interconnected system of build-
ing blocks, engineers can quickly adapt the 
mechanicals as required for different engine 
variants (Figure 14).
The modular concept of the clutch as-
sembly also lends itself to integrating a func-
tion that limits the engine braking torque 
generated in overrun mode as it is trans-
ferred to the rear wheel. This “anti-hopping” 
function considerably improves driving safe-
ty, since it prevents the motorcycle’s rear 
wheel from losing some or all of its traction. A 
critical aspect in this regard is that the brak-
ing effect generated by the engine, which 
can cause wheel blockage when the vehicle 
experiences a dynamic shift in weight toward 
the front wheel as the rear wheel becomes 
severely unweighted during periods of heavy 
braking combined with quick downshifts, 
must be limited to maintain safe handling 
characteristics.
Another development angle is to sim-
plify the amplification function of a multi-
disk clutch assembly to greatly reduce the 
forces required to actuate it. Although the 
market currently offers clutches that realize 
this type of amplification using slide ramps, 
the problem with their design construction 
is that the changes in the coefficient of fric-
tion (static, dynamic friction) can lead to 
fluctuations in torque delivery when com-
bined with these ramps.
An innovative new development from 
Schaeffler circumvents these friction-
based effects by allowing the torque yield-
ed by the contact pressure in the inner 
cage to be transferred via leaf springs to 
the inner hub. Since these springs have a 
tilting angle, a force amplification or reduc-
tion function is realized with practically no 
friction, similar to an articulated lever, de-





























Figure 15 Reducing actuation forces with an 
amplification function
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springs also center the inner cage and 
apply the contact pressure.
This concept, which was purposely 
devised with simplicity in mind, requires 
comparably little installation space, and can 
be quickly adapted for different engine vari-
ants thanks to its modular construction. An 
“anti-hopping” function can likewise be inte-
grated if needed (Figure 15).
The development activities being pur-
sued for a motorcycle clutch targeted for 
the Asia-Pacific region take a completely 
different direction, whereby the key objec-
tives are to optimize operative functionality 
while reducing costs by leveraging Schaeffler’s 
manufacturing expertise in the areas of 
stamping, punching, and metal forming. To 
this end, a diaphragm spring is integrated in 
place of compression springs as an energy-
storage mechanism to lower release and 
holding load when the assembly is new. At 
the same time, this setup also increases 
stability with respect to centrifugal force.
An additional compulsory disengagement 
facility is fitted between the clutch disks as a 
further design measure and ensures that the 
disks are ventilated in a uniform, consistent 
manner to minimize drag torque. The modular 
construction of this component also makes 
the clutch a universally compatible assembly. 
Adding to this are the benefits of low weight 
and compact dimensions (Figure 16).
Outlook
Although the clutch has over 100  years of 
development behind it, it still offers consider-
able potential to be optimized further. The 
broad and diversified portfolio Schaeffler has 
assembled for clutch-based technologies 
can be leveraged to realize solutions for 
many different applications in the automotive 
and motorcycle industries as future innova-
tions target new design criteria established 
to achieve higher levels of comfort and effi-
ciency while reducing CO2 emissions.
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Figure 16 Concept of a motorcycle clutch for 
the Asia-Pacific region
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